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A STUDY OF THE CAUSE OF WIDE VARIATION IN MILK 
PRODUCTION BY DAIRY COWS. 
C. H. Ecr<LES and 0. E. REED. 
It is a well understood fact that cows under all conditions vary 
widely in both quantity of milk and fat produced, and in the economy 
of this production. It is not uncommon, and in fact is usually found 
that in a herd of ordinary size certain animals will produce twice as 
much milk and butter fat, ·or even more, during the year as other 
animals of the same age, of the same breeding, and having the same 
feed and care. 
The importance to the producer of dairy products of taking ad-
vantage of this wide variation in economy of production has been 
emphasized very strongly in recent years by experimental work and by 
investigations of actual conditions as they exist among the dairy cat-
tle of the country. The exact cause of this wide difference in economy 
of production has not as yet been pointed out. The investigation 
here reported was taken up for the purpose of determining the real 
cause of this difference. This line of work was suggested by the 
striking difference in production of two cows in the College herd. 
These cows are registered Jerseys and are a little more than 
half sisters, the sire being the same and the mothers distantly related. 
The better cow of the two is Pedro's Ramaposa 181 l6o, designated in 
this report by her herd number, No. 27. The inferior cow is Pedro's 
Elf r97242, designated as No. 62. These cows were raised under 
practically the same conditions according to the usual plan followed 
in our herd. They were fed their mothers' milk for some two weeks 
and then changed to skim milk. With this skim milk was fed a small 
amount of corn meal with hay in the winter and grass in the summer. 
Table r gives the facts in detail regarding the age and production of 
these two cows through the first two milking periods. 
TABLE I. 
PRODUCTION OF NO. 27 AND NO. 62, FIRST TWO LACTATION PERIODS. 
Date of birth ....... • ........... 
Age at first calving .............. . 
Lbs. m!lk first lactation period .... . 
Lbs. fat first lactation period ... . 
No. days In milk ................ . 
Lbs. milk second lactation period .. . 
Lbs. fat second lactation period .. . 
No. days In milk .............. . .. . 
No. 27. 
Sept. 4, 1902. 
29 mo. 
4552 
238.8 
337 
7174 
377 
365 
(ro7) 
No. 62. 
May 11, 1903. 
18 mo. 
878 
44.1 
131 
3189 
114.8 
232 
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Table 2 gives a summary to date of the milk and fat records of 
all the daughters of Minette's Pedro, the sire of these two cows, 
that have been in the herd. 
TABLE II. 
RECORDS OF THE DAUGHTERS OF MINETTE'S PEDRO. 
~~~~~~~~~ 
Pedro's Ramaposa .. ... . . .. . 
Pedro's Elt ..... . .. ....... . . 
Pedro's Alphea El! ........ . 
University May .. ...... . .. . . 
Columbia Hugulta .....•.... 
Pedro's Daisy Bate . .... . . . 
Missouri Daizle ... ..... •... . 
University Da!zie . . . . . . . . .. 
University Stella . . . . . . . . . . 
University Elf . . . . . . . ... .. . 
University Belle . . . . . . . •. . . 
Pedro's Grace Briggs ... ... . 
1 Pedro's Matron . . • . . .. . . .. . 
Miss Missouri ............. . 
Pedro's Emily Harris ...•.. 
Pedro's Estella ............• 
Pedro's Alphea Ward ..... . 
Pedro's May Hubbard ..... . 
Pedro's Virginia Meredith .. 
No. Lactation I Av. Lbs. Milk. 
Periods. 
3 
3 
5 
3 
5 
2 
4 
3 
4 
3 
3 
3 
3 
3 
2 
4 
3 
6750 
2225 
6151 
4723 
6.'l22 
3456 
4910 
7746 
5336 
5053 
4960 
4909 
6582 
6844 
5271 
8807 
4728 
4073 
5776 
Av. Lbs. Fat. 
365.8 
109.4 
309.8 
227.0 
273.1 
193.7 
205.5 
405.6 
273.7 
247.3 
223.8 
287.9 
355.9 
331.0 
238.5 
462.1 
267.0 
184.9 
320.6 
It will be noted that here we have a typical illustration of the 
wide variations that occur in the productive capacity of dairy cattle, 
even where they are of almost identical breeding and where conditions 
under which they are raised and kept are the same. Taking the pro-
duction of the first two years together No. 27 produced 2.8 pounds 
of milk and 3.9 pounds of fat for each pound produced by No. 62. 
These two cows are not the only extremes in dairy capacity among 
the daughters of Minette's Pedro, as will be noted from Table 2. Two 
others have made records for a year above the best made by No. 27, 
while one other at least is as inferior as No. 62. 
While the second milking period of these two cows was in 
progress and the wide variations above noted were observed in the 
production of the two animals an investigation was planned for the 
purpose of determining accurately the real cause of this extreme 
difference in efficiency as dairy cows. It was believed that if the cause 
of the variation in production between these two cows could be de-
termined accurately, it would largely solve the question as to the 
variations in productive capacity among dairy cows in general. 
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\Vith this purpose in view the cows were bred so that the calves 
might be born as near as possible at the same time. No. 62 calved 
October 4, 1907, and No. 27, O.:tober 7. 
Possible Causes of the Variation in Prod11ctio11 .-In considering 
this subject with the object of preparing plans for an investigation 
the author concluded that the possible causes of variation must be 
ainong those given below. These statements are arranged in the re-
verse order of what was judged to be the probable importance: 
A. Variation in the ration of maintenance. 
B. Difference in the co-efficient of digestion of food by the two 
animals. 
C. The production of body fat by the inferior producer from a 
portion of the ration given above maintenance. 
D. Difference in the amount of food consumed and used in excess of 
the ration of maintenance. 
NO. 27, PEDRO'S RAMAPOSA 181160. 
Discussion of Possible Causes.-(A) It was not anticipated that 
there would be any marked difference found in the ration of main-
tenance, although it was considered possible so. that it would have 
to be taken into account. To determine the ration of maintenance 
it would be necessary to keep the two animals for some time while 
farrow under maintenance conditions. 
( B) The consensus of opinion among recognized authorities on 
animal nutrition seems to be that while the data regarding the co-
efficient of digestibility with different animals is inadequate and con-
flicting, there is at present no reason for believing that there is any 
marked variation with individuals regarding the power of digestion. 
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However, this possibility is one that has to be considered in such 
investigations as this and eliminated if of no importance. To deter-
mine this, digestion trials made while producing milk would be 
necessary. 
( C) The possibility of the inferior cow using the excess feed 
for depositing fat on the body is suggested by practical observation 
which indicates that inferior milkers are liable to take on fat. This, in 
some cases, might be sufficient explanation of the variation in pro-
duction by different dairy cows. In planning the experiment it seemec! 
best to control this factor rather than attempt to measure it and with 
this object in view it was planned to maintain the cows at a uniform 
weight, and in this way eliminate this possibility. It is evident in 
considering this question that there is a limit to the deposition of fat 
on the body of the animal having such a tendency ancl that the con-
sumption of food must necessarily be smaller at some time during 
the year with such an animal than with a heavy producer. If the 
cow fattens while producing milk she will neecl to accumulate little, 
if any, fat while dry before beginning her next milking period and 
for this reason will need a light ration while dry. On the other hand, 
the heavy milking cow may be rather thin at the encl of the milking 
period and continue eating heavily while dry in order to accnmulate 
the normal amount of fat on the body before the beginning of the 
next milking period. 
(D) In analyzing the subject it was believed the main possibility 
for variation lay in the difference in the amount of food consumed 
and used by the cows above the amount required for maintenance. 
If one cow is born with the characteristic of producing large quanti-
ties of milk this will result in a correspondingly large demand for 
nutrients to replace that drawn from the body. This will result in 
the cow consuming large quantities of feed above maintenance. It 
is a common observation that heavy milk producing cows are heavy 
eaters. Another cow with less capacity and tendency to produce milk 
will not have as much removed from her body in the way of nutrients 
and, therefore, she will have a smaller appetite. In the case of an 
animal of this type it would be safe to assume that if feel ad libitum 
she will store fat on the body for a time until the tissues are well 
filled, then the appetite will drop until she will consume not more 
than is necessary to furnish maintenance and sufficient material for 
the milk she is producing. If it is assumed that the nutrients for 
maintenance will be the same for animals having wide difference 
in capacity for production, the economy of production, that is, the 
amount of feed required to produce a given quantity of milk or fat 
might vary immensely from this cause alone. 
CAUSE OF VARIATION IN MILK PRODUCTION. III 
Plan of E.,.periment.-The following statement gives the plan as 
made some months before the beginning of the investigation. It was 
carried out exactly as prepared. 
"The first thing to be determined is the amount of food consumed 
by each animal. Both are to be given the same ration; that is, the 
grain mixture and the proportion between the amount of roughness 
and the grain is to to be the same for both. This proportion can be 
changed at any time when conditions seem to indicate that it is nec-
essary but when it is changed for one it is to be changed for the other. 
The ration is to be adapted to the heavier producing cow. 
The grain ration shall con.sist of a mixture of at least three grains, 
preferably corn, bran, and oilmeal, and for roughness corn silage and 
alfalfa hay. A considerable quantity of each of these feeds, except 
the silage, is to be set aside for the exclusive use in this experiment 
in order to have as little change as possible in the composition of 
the feed. Each lot of feed used shall be sampled for chemical analysis. 
Both animals are to be fed sufficient food to maintain the body weight 
as near constant as possible. Both cows are to be given as large a 
ration as they will consume unless they begin using it for a gain in 
weight. It is probable that at least with No. 27 the weight will decrease 
for four or five weeks, regardless of how she is fed but this declining 
weight is to be checked as soon as possible and then kept at a uni-
form weight, or allowed to gain slowly until she returns to the original 
weight at the beginning of the milking period. Each animal is to 
be weighed at a stated time each day and a record of these weights 
kept. Accurate records are to be kept of the grain and roughness fed 
and of the amounts of each which may be refused. The refused 
feed of each animal is to be kept separate in a burlap sack and at 
intervals of ten days a sample is to be taken which represents the 
two mixed together. The dry matter in this sample is to be deter-
mined at once in the chemical laboratory and later a complete analysis 
is to be made. The same sample will be sufficient for both animals. 
The two cows are to be placed in adjoining stalls and the same 
routine in general followed as is usual with the dairy herd. Care 
must be taken that the cows are not allowed access to any feed other 
than that in the regular ration. One man shall have complete charge 
of the two animals and do all the barn work connected with the 
experiment, if practical. Careful notes must be kept of any unusual 
conditions observed and general observations recorded regarding the 
condition of the animals, feeding characteristics, etc. 
Sampling and Anal3•zing the Milk.-The milk produced by each 
cow is to be weighed in the usual manner and the weight recorded on 
the sheet in the barn. Pint glass bottles marked with the number 
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of the cow and labeled morning and night are to be used for holding 
the samples. The milker is to mix the milk thoroughly with a dipper 
and fill the proper bottle about two-thirds full of the milk, placing 
a paper cap on the top of the bottle on which is marked the number 
of pounds of milk produced by the cow at that milking. This milk 
is to be brought to the Dairy Laboratory at each milking. The person 
having the sampling in charge takes a composite sample from this 
original sample by taking a definite number of cubic centimeters per 
pound of milk with a graduated pipette and placing it in a two-quart 
jar properly labeled. ·when the first lot of milk is placed in this 
jar, one cubic centimeter of formaldehyde is to be added and later 
at the end of the ten day period covered by the composite sample an-
other one-half centimeter is to be added. 
The composite samples made as described will cover ten days 
each, corresponding to the ten-day periods into which the experiment 
is to be divided. The samples, when complete, are to be analyzed by 
the chemist for fat, nitrogen, sugar and ash. 
Digestion Experiment.-During the early part of the milking 
period, preferably about the third month, a digestion experiment is to 
be conducted with these two animals. Care must be taken that the ra-
tion is properly adjusted to preserve constant weight and that they have 
been getting the same ration for at least a month before this time in 
order that conditions may be entirely normal. About two weeks be-
fore this experiment begins the cows should be accustomed to being 
'.Vatered in the stable and to being kept in during the day in order that 
conditions may not be abnormal when the digestion trial is under way. 
The digestion trial will probably cover ten days time. 
J.l1 aintenance E.rperiment.-Both cows are to be kept farrow and 
after both are dry, a maintenance experiment is to be conducted for at 
least 90 days using a ration of the same composition, or approximately 
the same, as fed while they were producing milk." 
In most investigations with dairy cows, as, for example, feeding 
trials, the results are measured in three terms: i. e., feed consumed, milk 
and fat produced and gain or loss in live weight. It will be noted that 
the plans as drawn eliminated one of these factors making it possible 
to measure the results in two factors-feed consumed and milk and 
fat produced. In the beginning four possible causes of the variation 
between the two cows was given. All four of these are provided for 
by the plan. 
(A) By a maintenance experiment at the end of the milking period 
with the cows farrow. 
(B) By a digestion trial when the cows were at their best production. 
( C) Eliminated by maintaining constant weight. 
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(D) Uniform ration for the two and complete feed records anc.l analy-
ses of feed consumed and milk produced. 
Swmmary of the Plan.-The following gives a summary of the 
plan as drawn and as 'carried out : 
I. Complete record of amount and composition of feeds consumed. 
2. Ration fed the two cows to be of the same composition at all times, 
the amount to be varied to suit the individual. 
3. Cows to be kept at uniform weight. 
4. Complete records made of milk produced and of its composition. 
5. Cows to be kept farrow. 
6. Digestion trial to he conducted when the cows are at their maxi-
mum proch1ction. 
7. Cows to be kept on maintenance for at least three months at end 
of milking period to determine maintenance. Maintenance ra-
tion to be of same composition as that fed when producing 
milk to determine maintenance in terms of typical dairy rat\on. 
Ration.-The ration selected for the two cows was alfalfa hay, 
corn silage and a grain mixture of which corn composed 4 parts, bran 
.2 parts, and oilmeal r part. The grain ration was made up in the same 
proportions throughout the entire year. The alfalfa hay used was of 
the grade known as "Choice." The hay was cut in an ordinary cutting 
box before being feel. The silage was of good quality, made from 
well matured corn in the usual manner. 
Beginning with April 2nd green alfalfa was feel until the 24th of 
July when green corn was substituted and fed until the 15th of Septem-
ber as shown by the feed record in Table 5. During a portion of this 
time silage was also fed and a portion of the time green feed was 
feel alone. When feeding silage or green feed a composite sample was 
taken by placing a small sample of the feed feel each clay in a glass con-
tainer in which a small amount of chloroform was kept to prevent de-
compos1t10n. The moisture was determined in the composite sample 
at the encl of ro days and a sample for chemical analysis made up by 
adding three or more of the air dry samples together. 
Feeding and Jlfanagement.-The two cows were kept in adjoining 
stalls in the barn during the night and a portion of the day when the 
weather conditions were unfavorable outside. They were turned om-
doors in a lot each clay where they had access to water which was 
warmed by a tank heater in cold weather. They had no possible oppor-
tunity to gain access to food except what was feel them in the barn. 
They were fed twice daily at the usual time for feeding the remainder 
of the herd, in the morning and evening. The grain was first fed and 
then the roughness. The hay was all fed in the evening after the grain 
was consumed while the silage or green feed was fed twice daily. 
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The same man milked both these cows in all cases. The animals 
were observed closely each clay and notes made at frequent intervals 
regarding their condition. It was found unnecessary to make provis-
ion for weighing back feed as was anticipated when making the plan, 
since during the entire period of winter feeding there was scarcely 20 
pounds of refused feed and this was mostly cobs from corn in the si-
lage. The animals remained in exceptionally good health throughout 
the period coverecl by the experiment. Each animal was, on two occa-
sions, given a close consisting of from I to rl)i, pouncls Epsom salts 
on account of slight indications of indigestion. 
It was observed in general that No. 27 when producing the maxi-
mum milk yield, was practically to the limit of her capacity for hand-
ling food. It was judged from observation that during the months 
NO. 62, PEDRO'S ELF 197242. 
while producing the maximum amount of milk she would have con-
sumed more grain but that she would not have consumed any more 
roughness. Her maximum capacity for food seemed to coincide closely 
with the amount necessary to maintain her at uniform weight. No. 
62 consumed all her feed at all times and it was judged from observa-
tions that she would have taken a small amount additional had it been 
offered although she at no time showed lack of food. In observing the 
two animals at feeding it was very evident that No. 27 had much the 
stronger appetite. She ate her feed rapidly, swallowed the grain with 
much less chevving and always showed by her impatience to get her 
feed a much keener appetite than did No. 62. Both animals remained 
in splendid physical condition throughout the entire investigation with 
the slight exception noted. 
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The digestion experiment was carried out as planned beginning on 
December 28, 1907 and continuing for IO days. The daily ration was 
varied in quantity only when the live weight showed a gain or a loss. 
Weights were taken each morning after feeding and before watering. 
In studying the daily variation in weights it was found convenient to 
plot them at intervals of three or four days on sectional paper in order 
that the general trend might be better understood. 
The average weights by IO day periods are shown in Tables 4 and 
5. It will be noted that No. 27 averaged 924 for the first period which 
consisted of only six days and then declined until the third period where 
the average weight was 846. This decline was foreseen in preparing 
the plan. It is impossible to feed a heavy milking cow a sufficient ra-
tion during the first month after calving to prevent a loss in weight. 
With No. 27 we assumed that if we replaced the weight lost the gen-
eral result would be the same as it would have been had the weight been 
kept at a uniform point. \iVith this object in view her weight was 
allowed to increase slightly during the greater part of the year. The 
intention was to close the year with the weight at practically the same 
point at which it was started. The table shows that during the last 
ten clay period the average weight was 946 pounds, a gain of 22 pounds 
from the average weight in the first period. This gain, however, is very 
small in view of the fact that the period covered by the experiment is 
an entire year. As was expected, No. 62 did not decline in weight to 
any extent after calving. On account of the smaller production of milk 
it was found much easier to maintain her weight fairly constant than 
was the case with No. 27. The variations as shown by the average for 
to clay periods are found in Table 5. \1\fhile it was the intention to keep 
her at uniform weight, as a matter of fact there was a slight gain dur-
ing the year since the average weight for the first IO clays was 888 
pounds and for the last period of six days, 907. This gain, however, 
was practically the same for both animals and since it is so small it is 
not taken into account in our calculations. The usual difficulties were 
experienced in attempting to maintain the uniform weight. When-
ever the ration is changed in character, as, for example, silage taken 
from the ration or added, the animals seem to change to a somewhat 
different plane due undoubtedly to a difference in the contents of the 
alimentary canal. Table 3 gives the daily variations in the weights of 
the two cows in two representative periods. This gives a fair idea of 
the ordinary variation from day to day. 
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TABLE 3. 
DAILY VARIATIONS IN WEIGHTS OF NO. 27 AND NO. 62. 
(In Two Periods.) 
.Tan. I No. 271 No. 62 April l No. 27 \ No. 62 
14 898 I 
898 3 900 910 
15 880 910 4 920 910 
16 875 I 890 5 885 910 17 880 885 6 900 I 925 18 870 890 7 895 920 
19 895 890 s 890 
I 
920 
20 885 880 9 900 930 
21 875 895 10 890 920 
22 870 900 11 910 I 925 23 890 900 l2 910 915 
Average I 882 I 894 \ 900 \ 919 
No. 62 showed the same characteristics as in her two former milk-
ing periods and declined rapidly in milk production after four or five 
months. She was dried up on the zoth of August when she was pro-
ducing about 3 pounds of milk a day, but the feed records cover the 
full 365 days. No. 27 continued to produce milk throughout the entire 
365 days. At the close of her year she was producing approximately 
r4 pounds a day. Tables 4 and 5 give the average weights and a sum-
mary of the feed consumed by each of the two animals by IO day peri-
ods. Tables 6 and 7 give a summary of the food constituents. It will be 
noted that the food constituents are not calculated digestible nutrients 
but the amount of the several constituents as found by chemical analy-
sis of the food consumed. 
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TABLE 4. 
Cow No. 27. 
SUMMARY OF FEED CONSUMED. 
(Weights in Pounds.) 
..... 
"'. Cf~ """ ~ ,; .... 0 Period No. Date. .a ~h ~CJO 
"'" "" ""' " 
:!:j:Il 
" 
;::r:::. ~fi::"O ... ;J Cl ~ Cl 
-11 
1 10-10-11).15 I 44 54 180 ... 924 
2 10-16-10-25 72 91 125 ... 857 
3 10-26-11· 4 75 90 2j)5 ... 846 
4 11· 5-l.1·14 105 90 350 ... 861 
5 11-15-11·24 110 90 350 ... 890 
6 11-25-12· 4 110 90 350 ... S79 
7 12· 5-12·14 110 90 350 ... 872 
8 12-15-12·24 110 90 350 ... I 861 
9 12-25- 1· 3 110 90 350 ... I 873 
10 1· 4- 1·13 110 90 365 ... I 865 
11 1·14- 1-23 110 88.'5 370.5 ... 882 
12 1·24- 2· 2 110 90 326.7 ... 865 
13 2- 3- 2-12 110 83 338 ... 875 
14 2·13- 2-22 110 90 331 .. . 872 
15 2-23- 3. 3 110 90 328 ... 885 
16 3. 4- 3·13 110 89 350 ... 883 
17 3·14- 3.23 110 90 325 ... 897 
18 3·24- 4. 2 101 90 300.5 .. . 888 
19 4. 3- 4-12 100 90 320 ... 900 
20 I 4·13- 4·22 94 86 310 12 902 21 4·23- 5. 2 90 56 269 135 899 
22 
I 
5· 3- 5-12 90 50 220 268 902 
23 5·13- 5·22 90 79 191 314 9H 
24 
I 
5-23- 6· 1 90 56 233 300 924 
25 G- 2- 6·11 &~ {i() 219.S 260.8 925 
26 6·12- G-21 so 50 234.4 274.4 929 
27 6-22- 7- 1 so 45.6 168.3 184.3 926 
28 7· 2- 7-11 so 50 120.1 297. 4 932 
29 7-12- 7-21 so 76 ... 304.1 899 
30 7-22- 7-31 80 so ... 289.2 901 
31 S-1- 8-10 so 80 ... 400 906 
32 8-11- S-20 so so 
I 
... 400 928 
33 8·21- S-30 so 80 .. . 400 935.5 
34 8-31- 9. 9 so so .. . 32{) 93S 
35 9-10- 9-19 so 80 160 160 938.5 
36 9-20- 9-29 80 so 315 . 1 ... 937 .5 
37 9-30-10· 9 so 80 312.2 ... 9!)6.5 
Total .. .. 3424 2904 .1 8777 .9 I 4325.2 ... 
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TABLE 5. 
Cow No. 62. 
SUMMARY OF FEED CONSUMED. 
(Weights in Pounds.) 
..,, . 
=.g "'"'!:< ". gi, io'~B Period No. ~ ..... ?> Date. -= """ ~~~ ~P:I .. f:"" ... 1jJ 0 <I 0 <I 
l 10· 6-10-15 74 90 30 ... I 
888 
2 10-16-10-25 62 85 49 .5 ... 875 
3 10-26-11- 4 58 78 204 ... 882 
4 11- 5-11-14 62 54.5 206 .. . 882 
5 11-15-11-24 70 60 220 ... 884 
6 11-24-12- 4 70 60 220 .. . 882 
7 12- 5-12-14 70 60 220 .. . 880 
8 12-15-12-24 70 60 220 . . . 894 
9 12-25- 1- 3 70 60 220 ... 895 
10 1- 4- 1-13 70 60 230. 5 ... SSG 
11 1-14- 1-23 70 60 244.5 ... 894 
12 1-24- 2- 2 70 60 220 ... 898 
13 2- 3- 2-12 62.8 55.8 210.2 ... 875 
14 2-13- 2-22 65 53 207 ... 872 
15 2-23- 3- 3 63.5 51.4 200.2 ... 912 
16 3- 4- 3-13 
I 
60 49 190 .. . 906 
17 3-14- 3-23 60 49 190 ... 909 
18 
I 
3-24- 4. 2 60 53 .5 208 ... 907 
19 4- 3- 4-12 60 54 210 .. . 919 
20 
I 
4-13- 4-22 54 47 . 6 177 .4 12 913 
21 4-23- 5- 2 50 20.9 155.2 84 .9 910 
22 5- 3- 5-12 50 I 28 125.1 148.4 910 
23 I 5-13- 5-22 50 44 108.7 172.1 919 
24 I 5-23- 6- 1 50 31. R 136.5 166 925 
25 
I 
6- 2- 6-11 45 27 . 1 129 .4 160.7 926 
26 6-12- 6-21 40 25 123.7 145 923 
27 6-22- 7- 1 40 25 124.6 117.5 931 
28 7- 2- 7-11 33 21.1 55 135 929 
29 7-12- 7-21 
I 
30 28 .6 ... 120.3 911 
30 7-22-- 7-31 30 
I 
30 ... 117 897 
31 8- 1- 8-10 34 34 ... 170 884 
32 8-11- 8-20 37 37 
-·· 
185 905 .7 
33 8-21- S-30 9 37 ... 185 913 
34 S-31- 9- 9 30 30 ... 123 906 
35 I 9-10- 9-19 30 30 60 60 904 .5 
36 I 9-20- 9-29 30 30 120 ... 911 
37 I 9-30-10- 5 18 18 72 ... 907 
Total tor 
I year 1907.3 1697.8 5087.5 2101.9 
No. I Date. Period 
I 10-10--10-15 2 10-16-10-25 
3 10-26-11- 4 
4 11- 5-11-14 
5 11-15---11-24 
6 11-25---12- 4 
7 12- 5---12-14 
s 12-15-12-24 
9 12-25- 1- 3 
10 1- 4-- 1-13 
11 1-14-- 1-23 
12 1-24-- 2- 2 
13 2- 3- 2-12 
H 2-13- 2-22 
15 2-23- 3- 3 
16 3- 4-- 3-13 
17 3-14-- 3-23 
18 3-24-- 4- 2 
19 4- 3- 4-12 
20 4-13- 4-22 
TABLE 6. 
Cow No. 27. 
SUMMARY OF FOOD CONSTITUENTS. 
Dry Matter. 
126. 
149. 
204. 
248. 
252. 
25" 
283. 
283. 
283. 
287. 
287. 
276. 
282. 
286. 
285. 
291. 
284. 
269. 
262. 
252. 
523 
223 
644 
282 
639 
639 
124 
124 
124 
518 
716 
299 
256 
&'!8 
902 
817 
965 
318 
344 
992 
(Weights in Pounds.) 
Protein. 
17 .245 
I 11.710 
26.085 
31.U99 
32 .280 
32.280 
33.379 
33.3i9 
33.379 
33.678 
33.598 
32.914 
34.809 
I 
35.604 
35.536 
35.893 
35.408 
33 . 654 
35.031 
34.501 
Nltrogen-
fr~e 
Extract. 
69.335 
25.373 
106 . 764 
134.431 
137.479 
137.479 
100.394 
100.394 
160.394 
163.030 
163.467 
150 .298 
165.014 
165.629 
165.045 
168.927 
164.461 
154.352 
149.696 
143.238 
I Crude Fibre. i Ether Extract. , 
27 .575 4.229 
39.544 5.759 
51.545 0.673 
57.860 8.630 
58.093 8.866 
58.093 8.866 
62.615 9.353 
62.615 9.353 
62.615 9. 353 
63.677 9.476 
63.522 9.499 I 
60.965 I 9.160 48.782 16.547 
50.509 
I 
17 .373 
5-0 . 324 17 .319 
51.404 17.083 
50.139 17.264 
48 .204 16.156 
46.276 13.762 l 45.948 12.948 
Asb. 
8.168 
11. 710 
13 . 626 
15.821 
lti.988 
1ti. 988 
17.430 
17 .430 
17.430 
17 .677 
17.702 
17 .008 
17 .105 
17. 720 
17.075 
17 ,9()9 
17 .630 
16.950 
17 .308 
16.424 
n 
:>-q 
Ul 
t'1 
0 
>rj 
;: 
~ 
~ ,_, 
0 
z 
H 
z 
~ 
H 
t"' 
~ 
t-;j 
!O:l g 
n 
>-l 
H 
0 
~ 
H 
1-1 
IO 
Period. I Date. No. 
21 4-23- 5- 2 
22 5- 3- 5-12 
23 5-13- 5-22 
24 5-23- 6- 1 
25 6- 2- 6-11 
26 6-12- 6-21 
27 6-22- 7- 1 
28 7- 2- 7-11 
29 7-12- 7-21 
30 7-22- 7-31 
31 8- 1- 8-10 
32 8-11- 8-20 
33 8-21- 8-30 
34 8-31- 9- 9 
35 9-10- 9-19 
36 9-20- 9-29 
37 9-30--10- 9 
Total • ;I 
TABLE 6. (Continued.) 
Cow No. 27. 
SUMMARY OF FOOD CONSTITUENTS. 
(Weights in Pounds.) 
Dry Matter. I Protein. Nitrogen- [ Crude Fibre. free Extract. 
240.351 34.080 134.971 I 44.094 
256.398 38.634 137 .835 50.312 
258.869 38.703 136.201 53.136 
254.803 36.183 136.259 52.593 
242.252 34 .911 128. 726 50.468 
257.019 37 .352 134.609 55 .230 
212. 265 31.275 113.140 43.048 
269.573 37.641 144.548 59.445 
256.619 45.092 12-0.620 59.257 
215.284 33.424 112.324 45.098 
233.104 31.789 127. 712 48.162 
249.204 32.061 133.500 53.216 
262.704 32.969 141.680 58.298 
278.151 35.705 153 .037 59.492 
246.427 31.633 134.697 04.462 
239.553 30.7B2 131.251 52.583 
238.773 30.699 130.806 52.390 
9362.636 I 1224.935 6333 .097 I 1951.590 
Etber Extract. I 
11. 784 
11.677 
11 .831 
11.245 
10.291 
10.362 
9.341 
10. 789 
9.875 
8.736 
9.960 
9.018 
10.204 
11.567 
ll.941 
9.613 
9 .586 I 
404 .995 \ 
Ash. 
16.204 
18.622 
18.999 
18.527 
17.856 
10.464 
15.460 
17 .148 
21. 773 
15.694 
15.472 
17. 706 
19.544 
18.341 
15.685 
15.334 
15.283 
521.793 
.... 
~ 
~ 
H 
rn 
rn 
0 g 
H 
> C'l 
i:t! 
tij 
~ 
~ 
Ul 
..., 
!" 
?;j 
l'1 
rn 
~ 
() 
::r: 
b:! 
~ 
t:: 
~ 
.... 
z 
z 
? 
lV 
Period. I Date. 
1 1(). 6-10-15 
2 10-16-10.25 
3 10-26-11- 4 
4 11- 5-11-14 
5 11-15-11-24 
6 11-24-12- 4 
7 12- 5-12-14 
8 12-15-12-24 
9 12-25- 1- 3 
10 1- 4- 1-13 
11 1-14- 1-23 
12 1-24- 2- 2 
13 2- 3- 2-12 
14 2-18- 2-22 
15 2-23- 3- 3 
16 3- 4- 3-13 
17 3-14- 3-23 
18 3-24-- 4- 2 
19 4- s- 4-12 
20 4-18- 4-22 
TABLE 7. 
Cow No. 62. 
SUMMARY OF FOOD CONSTITUENTS. 
(Weights in Pounds.) 
Dry Matter. 
I 
Protein. I Nitrogen- I Crude Fibre. free Extract. 
155.886 24.296 86.182 30.356 
145.018 21.854 70.340 32.9!0 
165.975 21.223 85.428 42.861 
147. 755 18.820 79.785 34.620 
162. 777 20.842 88.150 37. 780 
162.777 20.842 88.150 37 .780 
181.989 21.533 102.553 40.644 
181.939 21.533 102.553 40.644 
181.939 21.533 102.553 40.644 
185.014 21. 742 104.399 41.388 
189.115 22.021 106.860 42.379 
181.939 21.533 102.553 40.644 
174.493 21.445 100.890 31.239 
172. 884 21.271 100 .019 30.499 
167 .003 20.682 97 . 167 29 .507 
159.322 19.G22 92.147 28.108 
159.322 19.622 92 .147 28.108 
169.229 20.665 97 .446 30.463 
162.367 21.452 92.928 28.853 
144.712 19.763 82.005 26.218 
Ethl!r Ex tract. \ 
5.228 I 
4.675 
5 .285 
5.116 
5.666 
5 .666 
5.972 
5 .972 
5 .972 
6 .059 
6.174 
5 .972 
10.060 
10.466 
10.176 
9.645 
9.645 
10. 134 
8.444 
7.394 
Ash. 
9.85G 
9.489 
11.215 
9.444 
10. 360 
10. 360 
11.266 
11.266 
11.266 
11.457 
11.710 
11.266 
10.860 
10.026 
10.312 
9.800 
9.800 
10.519 
10.689 
9 .400 
~ q 
U> 
l"l 
0 
"1 
~ 
:;cl 
~ 
.... 
0 
z 
.... 
z 
~ 
.... 
t-< 
~ 
f-t:J § 
(l ,, 
.... 
0 
:z: 
.... 
tv 
.... 
Period. j Date. 
21 4-23- 5- 2 
22 5- 3- 5-12 
23 5-13- 5-22 
24 5-23- 6- 1 
25 6- 2--- 6-11 
26 6-12--- 6-21 
27 6-22--- 7- 1 
28 7- 2--- 7-11 
29 7-12--- 7-21 
30 7-22--- 7-31 
31 8- 1- 8-10 
32 8-11- 8-20 
33 8-21- 8-30 
34 8-31- 9- 9 
35 9-10- 9-19 
36 9-2o- 9-29 
37 9-30-10- 5 
·-~otal • I 
TABLE 7. (Continued.) 
Cow No. 62. 
SUMMARY OF FOOD CONSTITUENTS. 
(Weights in Pounds.) 
Dry Matter. I Protein. Nitrogen- I Crude Fibre. tree Elxtract. 
127.946 17 .955 73.114 22.590 
143.319 21.543 77.108 28.126 
143.972 21.554 75.972 29.303 
143.708 20.256 76.966 29.738 
138 .502 19.922 73.196 29.316 
132.395 10.184 69.210 28.659 
126.806 18.085 67.086 26.984 
118.049 16.372 63.123 26.403 
98.660 17 .367 46.179 22.944 
82.560 12. 757 43.041 17 .400 
99.069 13.511 54.278 20.469 
116.029 14.832 61.805 24.666 
96.239 11.294 48.224 25.619 
lM.606 13.415 57 .557 22.385 
92.410 11.862 50.511 20.423 
90.383 11.580 49.534 19.855 
54.230 6.948 29 .721 11.914 
5927.632 I 690.731 2890.880 I 1102.529 
llltb:er Extract. I 
6.323 
6.522 
6.627 
6.310 
5.736 
5.268 
5.177 
4.614 
3.745 
3.329 
4.234 
4.586 
3.056 
4.348 
3.728 
3.623 
2.174 
223.121 I 
Ash. 
8.457 
10.401 
10.518 
10.442 
10.333 
10.077 
9.467 
7.536 
8.425 
6.029 
6 .575 
8.214 
8.046 
6.897 
5.882 
5.786 
3.472 
349.319 
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CAUSE OF VARIATION IN MILK PRODUCTION. I23 
A summary of the total feed and food constituents consumed by 
the two animals is shown in the following statements : 
No. 
27 
62 
FEED CONSUMED DURING THE YEAR. 
\ 
I 
Summary of Tables 4 and 5. 
(Weights in Pounds.) 
Grain. .Al!alfa Hay. Green Feed. \ 
3424 2904 4325 
1 1907 1698 2102 
Silage. 
8778 
5088 
FOOD CONSTITUENTS CONSUMED DURING THE YEAR. 
No. I Dry Matter. 
27 j 9362.6 62 0927 . 6 
Summary of Tables 6 and 7. 
(Weights in Pounds.) 
I Protein. N. fr. Ex. l Crude Fibre. Ether Extract I 
l 1224.9 6333.1 \ 1951.6 405 .0 I 690.7 2800 . 9 1102.5 223.1 
.Ash. 
521.8 
349.3 
RATIO OF FEED CONSUMED BY NO. 27 TO THAT USED 
BY NO. 62. 
Grnln .••..•.... . ... . ...... 
Hay ...................... . 
S!lage .................... . 
No. 62. No. 27 
1 
1 
1.70 
1.71 
1.72 
It will be noted from the statement above that the plan to keep the 
ration of the same composition for each was carried out closely. At 
certain times the ration of one was changed slightly for some reason 
and this accounts for the slight variation in ratio of the grain, hay and 
silage. In general No. 27 consumed 1.75 pounds of feed for I pound 
consumed by No. 62. 
Tables 8 and 9 give the yield of milk by IQ day periods for the 
two cows and the analyses of the composite samples representing these 
periods. Tables IO and II give the yield of milk constituents by peri-
ods and the totals for the complete lactation periods. 
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TABLE 8. 
YIELD OF MILK AND AVERAGE COMPOSITION. 
No. 27 . 
.:: 
.,; ~ "' ~ "' d .; .l:l cce d z ·~lo< ..; ~ a; 
"" £z "' .g .. 
"' j 
* * 
~ 
"" "" 
.q 
I I 1 181.3 4.20 .52 8.32 5 .00 .745 2 292. 6 6 .20 .52 8.32 4.70 
I 
.744 
3 310.4 5.60 .52 3.32 5.30 .745 
4 325.5 5.25 .55 3.51 5.00 .723 
5 314.3 5.30 .56 3.57 3.:;5 .736 
6 289.2 5.10 .58 3.70 3.76 .730 
7 287.6 5.60 .59 3.76 4 .40 .764 
8 283.0 5.40 .58 3.70 4.86 .698 
9 272.3 5.10 .61 3.89 5.03 .762 
10 274.9 5.60 .62 3.96 5.30 . 691 
11 266.7 5.10 .64 4 .08 4.30 .721 
12 240.5 5.60 .62 3.96 4.98 .677 
13 243.1 5.80 .64 4.08 4.83 .750 
14 234.6 5.75 .64 4.08 4.35 .727 
15 245.6 5.60 .66 4.21 5.08 .776 
16 243.9 5.75 .65 4.15 4.66 .812 
17 244.2 5 .70 .65 4 .15 3.90 .775 
18 235.0 5 .70 .67 4 .27 5.30 .771 
19 231.6 5.60 .68 4.34 4.96 .789 
20 242.3 5.60 .66 4.21 4.60 • 7frr 
21 243.9 5.50 .61 4.27 4.90 .737 
22 236.6 5.55 .68 4.34 4.50 .758 
23 218.4 5.50 .66 4.21 4.50 .754 
24 222.2 5.70 .65 4.15 3.60 .852 
25 2!».0 5.90 .62 3.96 4.70 l .841 26 191.1 5.70 .64 4.08 4.50 .767 
27 173 .8 5.70 .61 3.89 4 .67 . 711 
28 194.3 5.50 .68 4 .34 4.69 .660 
29 189.3 5.40 .63 4 .02 4.80 .704 
30 182.8 5.40 .63 4.02 4.08 .655 
31 183.5 5.00 .65 4.15 4.50 .672 
32 182.2 5.30 .61 4.27 4 .93 .646 
33 173.7 5.70 .62 8 .96 4.58 .597 
34 184.9 5.60 .61 4 .27 4 .93 .660 
35 161.6 5.60 .71 4.53 3.79 .705 
36 162.6 5.80 .70 4.47 4.33 .703 
37 149.4 6 .00 .69 4.40 4.35 .689 
i 
I 
I 
.,; 
0 
~ 
i:i.. I 
I 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
CAUSE OF VARIATION IN MILK PRODUCTION. 
115 .9 
139.6 
147.3 
156.4 
150.2 
137.5 
135.2 
138.4 
134.9 
123.2 
119.4 
114.5 
112 .0 
104.7 
104.8 
103.8 
98 .8 
96.5 
87.9 
90.9 
84.4 
77.6 
72.6 
79.3 
73.0 
68.0 
65.5 
64 . 6 
56 .2 
49.2 
45.6 
41.0 
TABLE 9. 
YIELD OF MILK AND AVERAGE COMPOSITION. 
I 
I 
.... 
" 
"' ~ 
5.14 
5.80 
5 . 20 
5.00 
5.30 
I 
5.10 
5.60 
5.55 
5.10 
5 .20 
5.60 
5.40 
5.55 
5.45 
5.65 
5.30 
5.20 
5.50 
5.10 
5.40 
4.95 
5.45 
5.30 
5.50 
5.30 
5.20 
5.30 
5.20 
5.20 
5.10 
5.00 
5.10 
(By Periods.) 
No. 62. 
cl 
o:i 
"' .. ., 0 
!:l ""' '$ y, z ez 
~ i:i.. 
.63 4.02 
.63 4.02 
.63 4.02 
.62 3.96 
.62 I 3.96 
.63 
I 
4.02 
.63 4.02 
.63 I 4.02 
.65 
I 
4.15 
.62 3.96 
. 62 
I 
3.96 
.63 4 . 02 
.62 I 3.96 
.65 
I 
4 .15 
.66 4.21 
.65 4.15 
.63 4.02 
.64 4 .08 
.66 4.21 
.60 I 3 .83 
.58 I 3.70 
.64 l 4.1)$ 
.61 
I 
3 .89 
.60 3.83 
.62 I 3.96 
.64 
I 
4.08 
.63 4.02 
.60 
I 
3 .83 
.59 3 .76 
.58 
I 
3.70 
.60 3 .83 
. 60 3.83 
..: 
" .. ::> 
ti). 
5.08 
4.85 
5.30 
3.42 
6 .48 
3.41 
3.93 
4.61 
4.55 
5.00 
4.23 
4.43 
3.93 
3.52 
6.18 
4.48 
3.88 
4 .85 
4.51 
4 .30 
5 .00 
4.70 
4.40 
3.50 
4.50 
4.20 
4.40 
4.61 
4.58 
4.55 
4 .50 
4.25 
125 
.g 
<l 
.763 
.764 
.761 
.770 
.765 
.750 
.761 
.702 
.768 
I .700 
.750 
.757 
.754 
.759 
I .700 
.712 
.735 
.778 
.785 
.720 
.657 
.837 
.800 
.916 
.723 
.732 
.655 
.713 
.686 
.688 
.690 
.689 
.; . 
...... 
.,; ."' 
0 l "":O 
'C o" 
"' 
~rl~ 
0.. Q 
1007 
1* October 15 .... ..... 
2 October 25 ......... 
" " 
November 4 ........ 
4 November 14 . . . . . .. 
5 November 24 .... .. 
6 December 4 .... .... 
7 December 14 ....... . 
8 I December 24 .... ... 
I 1008 
9 I Jnnunry 3 .......... 
10 January 13 ......... 
11 I January 23 . . . . • . . .. 
12 February 2 ......... 
13 ll,ebruary 12 ......... 
14 I ~'ebrunry 22 . .. .. • . . 
15 l\Iarch 3 ........... 
1G March 13 . . . . . . . ... 
• 6 days. 
TABLE 10. 
YIELD OF MILl<: CONSTITUENTS BY PERIODS. 
No. 27. 
::l cl .s .... "' ~ "' " 8 "' 
"" 
.µ t 
"' ~z 
.... j .0 2"" 
..:i ..:i ..;: 
181.3 1 7.615 .9
43 6.016 
202.6 18.141 1.522 0.710 
310.4 17 .382 1.614 10.207 
325.5 17.089 1.790 11.420 
314.3 16.658 1.760 11.229 
289.2 14.740 1.677 10.699 
287.6 16.106 1.697 10.827 
283.0 I 15.282 1.641 10.470 
272.3 13.887 1.661 10.597 
274.9 15.304 1.704 10.872 
266.7 13.G02 1. 707 10.891 
240.5 13.468 1.4!)1 
I 
9.513 
243.1 H.100 1.556 9.927 
234.6 13.490 1.501 
I 
9.'176 
245.0 13.754 1.621 10.342 
243.9 I 14.024 1.585 I 10.112 
..: 
"' ... 
" UJ 
,,; 
.0 
..:i 
9.065 
13. 752 
16.451 I 
16.275 
I 11.158 
10.874 I 
12 .654 I 
13. 754 I 
I 
13.697 
I 14.570 
11.468 
I 11.977 
11. 743 
I 10.20;; 
12.476 
I 11.366 
.d 
"' <ti
2 
..:i 
1.351 
2.177 
2.312 
2.353 
2.313 
2.111 
2.197 
1.975 
2.075 
1.900 
1.923 
1.628 
1.823 
1.706 
1.006 
1.980 
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0\ 
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Ul 
Ul 
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c:: 
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trJ 
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'.ii 
(fl 
>-l 
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Ul 
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IV 
17 l March 23 ... .. ... . . 244.2 l 13 . 019 1.587 18 April 2 .. .. .... .. .. 235 .0 13.395 1. 575 
19 I April 12 ............ 231.6 
I 
12.070 1 . 575 
20 April 22 .... .. .... . 242.3 13.569 1.500 
21 May 2 .. .. .... .. ... 243.0 13.415 1.634 
22 I May 12 ......... .. . 236.6 I 13.131 1.609 
23 May 22 .. .. . .. . . .. . 218.4 12 .012 1.441 
~ June 1 .. .. ....... . . 222 . 2 12.665 1.444 
25 June 11 ........ .. .. 204 .0 12 . 036 1. 265 
26 June 21 . . . . . . • .. . ... 101.1 10.893 1. 223 
27 July 1 ..... . .. ... .. 173.8 9.!!07 1.060 
28 J uly 11 ...... . .... . 194.3 10.687 1.321 
20 J uly 21 ........ . ... lS!l.3 I 10 .222 1.193 
30 July 31 .... .. ...... 182 .8 I 9 .871 1.152 
31 J August 10 .. ... . .... 183.5 i 9.175 1.ID3 
32 J August 20 .. .. .. .. . 182 .2 I 9 .657 1.221 
33 J August 30 ..... . .... 173 .7 I 9.901 1.077 
34 J September ·9 . . . . . .. .. 184.9 I 10.35! 1.239 
35 J September 19 
···· ··· 
lGl.6 I 9 .050 1.147 
3G J September 20 . . . . . . . 162 .6 
I 
!l.431 1. 138 
37 J October 9 ... .. . .. .. 149.4 8 .064 1.031 
Total .... .. . . . ..... ... 8522 .0 
---
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1907 
1 October 15 . ..... .... 
2 October 25 ......... 
3 November 4 ...... . . 
4 November 14 .... ... 
5 November 24 ... . .. 
0 December 4 ... . .. .. 
7 December 14 ........ 
8 December 24 .... ... 
1908 
9 January 3 .......... 
10 January 13 . ........ 
11 January 23 ...... ... 
12 February 2 ......... 
13 February 12 ... ...... 
14 February 22 . . . . . . . , 
15 j l\farcb 3 .•.... ..... 
10 j l\farcb 13 ...... .... 
17 j l\farcb 23 ...... .... 
TABLE II. 
YIELD OF MILK CONSTITUENTS BY PERIODS. 
No. 62. 
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18 April 2 .. . . .. . . ... . 96.5 
19 April 12 ...... .. .. .. 87 .9 
20 April 22 .... .. .. ... 90 .9 
21 May 2 . .. .. .. . ... .. 84 .4 
22 May 12 .... ...... .. 77 . 6 
23 May 22 .. .... .. .. . 72. 6 
24 June 1 ........ .. . .. 79.3 
25 June 11 .... ... ... . . 73.0 
26 J une 21 . ... ... . .. .. . 68. 0 
27 J uly 1 ... . .. .. .. ... 65 .5 
28 July 11 . .. . .. ... ... 64 . 6 
29 J uly 21 .. .... .. .... 56.2 
30 July 31 .. .. .. .... .. 49 .2 
31 August 10 .. .... .... 45 .6 
32 August 20 .. .. .. .. . 41.0 
- - ----
Total . . .. .. .. . . . . .... 3188 .9 I 
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The statements below give a summary of the yield and average 
composition of the milk, the yield of milk constituents for the two cows, 
and the ratio between the yields of milk and milk constituents. 
AVERAGE COMPOSITION OF MILK. 
Sununary of Tables 8 and 9. 
cow No. I Yield of I% Fat I % Nitrogen. I % Protein. % Sugar. % Ash. l\Illk. 
27 I 8522.9 5.51 .624 3.98 4.60 .733 
62 I 3188.9 5 . 31 . 62G 3.99 4.52 .746 
I 
COMPARISON OF YIELD OF MILK CONSTITUENTS. 
No. 
27 
62 
RATIO 
--· 11rrnc 
1:2 . 67 
Summary of Tables IO and r r. 
Fat. 
469.9 
169.3 
Nitrogen. 
53.19 
19.97 
Protein. 
339.3 
127.2 
Sugar. 
392.4 
144.3 
OF MILK AND MILK CONSTITUENTS 
DUCED BY THE TWO COWS. 
Production of No. 62 represented by r. 
· 1r Total solids. I Fat. Protein. Sugar. 
l 1:2 .72 1:2.77 1:2. 66 1:2 . 71 
Ash. 
62.5 
23.8 
PRO-
Ash. 
1:2.G2 
It will be noted that No. 27 produced 2.67 pounds of milk and 2.77 
pounds of fat for each pound yielded by No. 62. 
In the beginning four possible causes of the variations in produc-
tion were given under the letters A, B, C, D. It is now the purpose to 
discuss that data presented giving the feed consumed by the two ani-
mals during the year, and the production of milk and feed by each, with 
the view of showing its relation to these four possible sources of vari-
ation. 
Maintenance Ezperinient.-It is not the purpose to give the full 
details regarding the maintenance experiment at this time. This data, 
however, will be presented in detail in a later publication. Only a sum-
mary and the totals are given which is necessary for making clear the 
relation of the results found by the maintenance test to the problem 
under consideration. 
The maintenance experiment was carried out as originally planned 
with each of the two animals while dry and farrow. With No. 62 the 
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maintenance period begun August 3I, Igo7 and continued I8o days, 
ending February 26. The feed records given for the lactation period 
for No. 62 in Tables 4 and 6 cover the entire year of 365 days begin-
ning October 6, I907. The time included from August 3r, 1908 to Oc-
tober 5, therefore, overlaps and in addition to being counted as part 
of the year including the lactation period, is also a part of the main-
tenance period. This is possible since No. 62 was dry after August 20th 
while No. 27 was milked for the full year. The maintenance period for 
No. 27 included r6o days beginning October 30th and continuing until 
April 7th. 
As stated in the plan of the experiment in carrying out this main-
tenance trial the general plan was to use the same feeds as were fed 
during the milking period and in practically the same proportions with 
the purpose in view of determining in terms of the ration fed while 
the cows were producing milk, how much of this ration was required 
for maintaining the animal. It is appreciated by the author that such 
a ration is not an economical maintenance ration and that one consisting 
of roughness alone and containing a much smaller amount of protein 
than was fed should be selected if the aim be to determine the most 
economical ration for maintenance. Snch has been the aim of others 
who have carried out what little investigation there has been reported 
on the maintenance of dairy cattle. The object in view, however, in 
this case was not to select the most economical ration or determine the 
proper proportion of constituents for maintenance, but to find what 
part of the normal ration fed while the cows were in milk was needed 
by the animal for maintenance. The grain ration fed during the period 
of maintenance consisted of corn 4 parts, bran 2 parts and oilmeal r 
part which was exactly the same proportion used throughout the milk-
ing periods of the two animals. The same kind and quality of hay and 
silage was also fed as was used during the milking periods. In all cases 
the two cows had exactly the same ration with the exception of the 
necessary variation in the amount used. The ratio between the grain 
mixture, hay and silage was I :r :4 which was about the average propor-
tion fed while the cows were in milk. The cows were kept under the 
same conditions as described for the period when in milk and the two 
animals received the same treatment in every way. They were weighed 
each morning after being fed and before having access to water. The 
usual difficulties were experienced in maintaining the weights at a uni-
form point. On the whole, however, the results were as satisfactory 
as can be expected judging from the work of other investigators along 
this line. Both animals made a slight gain in weight during the main-
tenance period. In No. 27 this amounted to 2I pounds in r6o days, 
and in No. 62, r8 pounds in r8o days. 
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TABLE I2. 
SUMMARY OF FEED REQUIRED FOR MAINTENANCE. 
No. 27. No. 62. 
Dates included 
· ······ ·· ···· 
Oct. 30, 1908-April 7, 1909. August 31, 1908-Feb. 26, 1909. 
No. days 
··· ···· ····· · ····· 
160 180 
Average weight 1st 10 days . 881 906 
Average weight last 10 days. 902 922 
Total. I Per Day. Total. I Per Day. 
' 
Lbs. grain fed .... .. .. ..... 525. 9 3 .29 526.4 
I 
2.92 
Lbs. hay fed . . ... ... . .. . .. ! 527 . 9 3 .30 526 .4 2.92 
Lbs. silage fed ...... ... .... 2111.6 13 .20 2116 .6 I 11. 76 
Table I2 gives the data in regard to maintenance trial including 
the amount of hay, grain and silage used by each animal and the amount 
of each per day. The question was raised in the beginning regarding 
the possibility of variation in the arnount required for maintenance. An 
examination of the data presented above shows that on the average 
No. 27 required a slightly larger amount of feed than did No. 62. It 
will be observed that the weight of the two animals is quite close and 
for this reason as well as for the fact that it interferes with the com-
parison from a practical standpoint the results are not calculated on a 
IOOO pound basis. On the average No. 27 consumed 3.27 pounds of 
grain per day for maintenance; No. 62 consumed 2.92 pounds and each 
had hay and silage in the same proportions. Below is given a com-
parison of maintenance requirements for an entire year. In calculating 
these figures it is assumed that the average food requirements found 
during the maintenance trial is the average for the entire year. 
COMPARISON OF MAINTENANCE REQUIREMENT 
FOR ONE YEAR. 
(Weights in pounds.) 
\ Grain. Alfalfa Hay.\ Silage. 
No. 27 
······ 
1200.8 1204 .5 I 4818 .0 
No. 62 .. ... 1065.8 1065 . 8 I 4292.4 Ditrerence . 135 . 0 138.7 525 . 6 
-
It will be noted that on this basis it would require I35 pounds more 
grain, I38 pounds more alfalfa hay, and 525 pounds more silage to 
maintain No. 27 for a year than is required for No. 62. The data shows 
that undoubtedly there is a small difference in the maintenance· require-
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ments of these two animals. It is evident that this difference does not 
account in any way for the wide variation in the production of the two 
animals. In fact, No. 27, the larger producer, has the higher mainte-
nance requirement. The only conclusion that can be drawn from this 
data is that in this case the factor of variation in maintenance require-
ment is so small that it may be ignored in attempting to explain the dif-
ference in the economy of production. 
Digestion Trial.-Under B in the discussion of the possible causes 
of variation in production a possible difference in the coefficient of di-
gestion by the two animals was given. A digestion trial covering IO 
days time was carried out, under the direction of Dr. P. F. Trowbridge 
of the Department of Agricultural Chemistry, as called for by the plan. 
This digestion trial began December 27, Igo7. It is not the intention 
to give complete data regarding this digestion trial at this time. A 
summary only will be given so far as it relates to the question under 
investigation and full details will be published later with other data of 
similar character. 
At the time of carrying out the digestion trial the animals were 
close to their maximum production of milk. The digestion trial was 
carried out in the usual manner. All the feed to be fed during the ten 
days was weighed out in advance by weighing the ration for each day 
by itself into a closed bucket. At the same time samples were taken for 
chemical analysis. All the solid and liquid excretion of the animals 
was collected by attendants and subjected to chemical analysis. Below 
is given a statement of the ration fed daily to each animal during this 
digestion trial and the average yield of milk and fat. 
DAILY RATION AND MILK YIELD. 
IO Day Digestion Trial. 
(Weights in Pounds.) 
No. 27 
Alfalfa Hay . ............ .. . 9 
Grain ..... . · .......... . ... . 11 
Silage .................. . .. 35 
Average milk yield . ....... . 26 .8 
Average !at yield ...... . . . . 1.37 
_I No. C2 
I 
6 
7 
22 
13.3 
.68 
All the data necessary for studying the relation of the digestion 
trial to the problems under consideration is given in Tables No. 13 and 
I4. These tables give a summary of the feed constituents consumed by 
each animal, the amount of each excreted, and the per cent digested. 
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TABLE I3. 
SUM MARY OF RESULTS-IO-DAY DIGESTION TRIAL. 
No. 27. 
(Weights in Grams.) 
Consumed. 
Protein . . . . . . . . . . . . . . . . . . . . 15094 .44 
Fat . . . . . . . . . . . . . . . • . . . . . . . 4228 .80 
Crude Fibre . . . . . . . . . . . • . . . 28090. 08 
Nitrogen-free Extract . . . . . . 65982.21 
T otal . . . . . . . . . . . . . . . . . . 113395. 53 
E xcret ed In Dung. 
6225 . 06 
1397 . 43 
12972.22 
19775.25 
40369 .96 
TABLE I4. 
SUMMARY OF RESULTS-IO-DAY DIGESTION TRIAL. 
Protein • . . . . . . . • .... ... . . . 
Fat . .. . . . .. . .. . .. .... . . . . . 
Crude Fibre . . . . . . . ... . .. . 
Nitrogen-free E xtract . . . .. . ! 
Total . . .. .... .. .. . · · · · ! 
No. 62. 
(Weights m Grams.) 
Consumed. Excreted In Dung. 
90566 . 48 
2686.82 
17782. 97 
41922.09 
------
71958.36 
3771. 25 
1079.39 
8198.14 
12143 .83 
25192.61 
% Digested. 
58.75 
66 .95 
53. 82 
70.03 
64 .39 
% Digested. 
60 .58 
59.82 
53 .89 
71.04 
64 .99 
------------
----- --···- -------~---
It will be noted by studying these figures that there is some variation 
in the per cent of the different food constituents digested by the two 
animals but in no case is the variation of any great extent. Taking the 
average digestion coefficient, as the per cent digested of the total con-
stituents consumed, it will be observed that the results are remarkably 
close, No. 27 showing 64.39 per cent digested and No. 62, 64.99. It is 
evident from the above results that the wide variation in the production 
of these two animals cannot be attributed in any way to a difference 
in the power to digest food. The variation is less than would have 
been anticipated with any two animals that might have been selected 
regardless of dairy qualities. 
(D) In the discussion of the possible sources of variation it was 
assumed that the main possibility lay in a difference in the amount of 
food consumed and used in excess of the ration of maintenance. It has 
been shown by Tables 4 and 5 that there was considerable difference 
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in the amount of feed consumed during the year by the two cows and 
that No. 27 consumed r.75 pounds of feed for every pound consumed 
by No. 62. A summary of the amount of feed consumed and the food 
constituents for the two cows is given on page· I23 
In Tables I5 and r6 is shown what part of the ration given the two 
cows was available for milk production. This table is made up by tak-
ing the first row of figures, the totals of feed consumed from Tables · 
4 and 5, and the second row, the estimated maintenance for the year, 
calculated as previously shown (P. 26), from the maintenance period of 
r6o days with No. 27 and r8o days with No. 62. 
TABLE 15. 
SHOWING PORTION OF RATION AVAILABLE FOR MILK PRODUCTION. 
Consumed during year in mllk 
Maintenance for year .... . . . 
Ava!lable for m!lk production. 
No. 27. 
(Weights in Pounds.) 
Grain. I Hay. 
3424.0 29()4 .o 
1200.S 12()4.5 
2223.2 1699.5 
TABLE 16. 
S!lage. l Green Feed. 
8778.0 \ 4325.0 
4818.0 
I 
. ..... 
3900.0 4325.0 
SHOWING PORTION OF RATION AVAILABLE FOR MILK PRODUCTION 
Consumed during year in mllk 
Maintenance for year ....... 
A va!lable for m!Ik production. 
No. 62. 
(Weights in Pounds.) 
Grain. I Hay. 
1007 .0 I 1698.0 
1065.8 I 1065 .s 
841.2 I 632.2 
S!Iage. I Green Feed. 
5088.0 I 2102.0 
4292.4 I . ..... 
795.6 I 2102.0 
Attention will at once be drawn to the large proportion of the ra-
tion available for milk production with No. 27 as compared with that 
for No. 62. Since the two rations are made up in almost exactly the 
same proportions between grain, hay and silage, a direct comparison 
can be made between the amount available for milk production for the 
two cows by comparing the grain. 
For every pound of grain available for milk production in the 
ration of No. 62 there was 2.64 pounds in the ration of No. 27. 
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The ratio between the milk produced by the two cows as already 
shown was I :2.67 and for the fat I :2.77 which coincides remarkably 
close to the ratio between the feed actually used for milk production. 
The data then shows that after the ration of maintenance is deducted, 
No. 62 produces milk and fat as economically as No. 27. What feed 
is used for milk production by the inferior cow, No. 62, is used to as 
good advantage as is the case with the heavy producer. The difference 
in economy of production arises from the fact that the former requires 
the greater part of what she can digest to supply maintenance while 
with the heavy producer a large amount is used after maintenance is 
provided for. This comparison is illustrated below by expressing the 
portions of the ration used for maintenance and for milk production 
in per cent. 
No. 27 •.....•.... . ......... 
No. 62 ......•......... . ... 
Used for Maintenance. 
35. 0 per cent 
55.S per cent 
Used for Mllk Production. 
65.0 per cent 
44.2 per cent 
Additional Data from Cows No. 4 and No. 63.-Fortunately we 
are able at this point to use data secured in carrying on another line 
of investigation, which was under way at the same time 'as the one 
heretofore described. It has already been stated that after deducting 
the ration of maintenance, No. 62 produced milk as economically as did 
No. 27 that produced more than twice as much. The object in intro-
rlucing this additional data is to determine whether or not the same is 
true regarding other cows than the two used in the investigation and to 
compare the results from No. 62 and No. 27 with these other cows. 
The two cows that supply this additional data are No. 4 and No. 63. 
These two cows are registered Jerseys and half sisters of No. 27 
and No. 62. While they were used in another investigation they were 
fed practically the same as were the two animals which furnished the 
data heretofore given. No. 4 and No. 63 calved at almost the same time 
and were fed on the same ration as No. 27 and No. 62 with the ex-
ception that the proportion between the grain and hay was not kept en-
tirely uniform. They were fed from the same mixture of grain at all 
times as was used for feeding No. 27 and No. 62, and. all were fed 
from the same hay and silage. Furthermore, they were kept farrow 
during the year and were kept at uniform weight in exactly the same 
way·as was done with No. 27 and No. 62. At the end of twelve months 
they were both dried up and were then kept on maintenance on the 
identical ration used for No. 27 and No. 62. With No. 4 the main-
tenance period covered 150 days and with No. 63, r20 days. Further 
and complete details regarding the feeding of these animals during the 
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year they were producing milk and during the period of maintenance 
will be published later. At this time only the summaries are given 
which are necessary in order to study the question under considera-
tion. 
Table I7 gives a summary of the feed consumed by these two 
animals during the year. 
TABLE I7. 
SUMMARY OF FEED FOR YEAR. 
No. 4 and No. 63. 
No. Grain. Alfalfa H ay. Silage. Green Feed. 
-----'------- ------- --- --- - - -----
4 
63 
3035.3 
2968 .0 
3376 .0 
3298 .0 
TABLE I8. 
7034. 3 
8046.7 
2490.1 
2501.3 
COMPOSITION AND YIELD OF MILK AND MILK CONSTITUENTS. 
No. 4 and No. 63. 
_:_a_t· __ ) ___ P rotein_. _ l--S-n-ga_r_. ___ l,____A_•_h_. _ 
~ r ~ I * I~ ~! ~ I~\ ~ 
278. 3 
263 .8 
4.28 , 290. 21 
4.21 254 . 3 
.77, 51.4 
.72 44.9 
The proportion between the grain, hay and silage is much the 
same as was fed No. 27 and No. 62. Table I8 gives a summary of the 
yield of milk, its composition, and the total yield of milk constituents 
for the two animals. It will be observed that the two animals pro-
duced very near the same amount of milk but the milk of No. 63 con-
tained on the average .59 per cent more fat. These two animals ranked 
between No. 27 and No. 62 in yield of both milk and fat. Tables 19 
and 20 give a summary of the food consumed on maintenance by the 
two animals. 
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TABLE 19. 
SUMMARY OF FOOD CONSUMED ON MAINTENANCE BY NO. 4. 
Grain. Average Weight. I Alfalfa Hay. Silage. I 
150 days . . .... ... ..•....... __ 5_1_3-.9--1 514 1-2-06-6-.4--:-1---7-9_2 __ 
Average per day . . . . . . . • • . . . 3.43 3.43 13 . 78 
TABLE 20. 
SUMMARY OF FOOD CONSUMED ON MAINTENANCE BY NO. 63. 
120 days . . ..• ..... .. •. .. ... 
Average per day ... .. ...... . 
Grain. 
353.4 
2.95 
I Alfalfa Hay. Silage. Average Weight. 
353.4 1425.6 SSS 
2.95 11 .SS 
These figures show that there is a difference in maintenance re-
quirements in this case as was found with the other two animals, No. 
4 requiring 3-43 pounds grain on the average to 2.95 pounds required 
by No. 63, the other parts of the ration being in the proportions. At 
the same time No. 63 weighed almost 100 pounds more. If we were 
to calculate the maintenance on a basis of 1000 pounds live weight, 
this variation would be still more marked. Tables 21 and 22· give the 
amount of feed available for milk production during the year the two 
cows were in milk. This is found as described for Tables 15 and 16 
by subtracting the maintenance required for the entire year, calculated 
at the same rate as actually determined for short periods, from the 
total feed consumed during the year when milk is being produced. 
TABLE 21. 
FEED AVAILABLE FOR MILK PRODUCTION DURING I YEAR IN MILK. 
No. 4. 
Grain. \ Alf alt a Hay. I Silage. I Green Feed. , 
Feed consumed 1 year In milk 3035.3 3376.0 7034.3 2490.1 
Maintenance !or year ...... . 1251.9 1251.9 5029. 7 . ... .. 
Available for milk production 1783.4 2124.1 2004.6 249-0.1 
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TABLE 22. 
FEED AVAILABLE FOR MILK PRODUCTION DURING I YEAR IN MILK. 
No. 63. 
Grain. l Alfalfa Hay. Silage. I Green Feed. 
Feed consumed 1 yea r in milk 2968.0 3298.0 8046.7 2501.3 
Maintenance for yea r . . ... . . 
1 
1076.7 1076.7 4336.0 ...... 
Available for milk production 1891.3 1221.3 3710.7 2501.3 
The ration consumed by No. 63 was somewhat different in pro-
portions from the others and in order to compare the relative amount 
of hay, grain, silage, and green feed consumed in the rations of the 
four cows the following summary is made : 
RATIO BETWEEN CONSTITUENTS OF THE RATION 
WITH THE FOUR COWS. 
Grain. I Alfalfa R ay. Silage. I Green Feed. 
No. 62 
··· ·· ··· 
. .. .... .. ... 1 I .89 2.67 1.10 No. 27 ···· ···· ·· .......... .85 2 . 56 1.26 
No. 4 ....... ... 
······ ··· ·· 
1 I 1.11 2 .32 .82 No. 63 ·· · · ····· · ··· · ····· · 1.11 2.71 .84 
The above shows that No. 4 and No. 63 had more hay and less 
green feed in proportion to the grain than was used by No. 27 and No. 
62. However, the ration is not so far different in its composition. 
For this reason the statement below is prepared showing the ratio for 
the four cows between the available grain in the ration and the fat 
and milk produced, representing the figure for No. 62, by unity which 
is in each case the smallest. 
COMPARISON OF FOOD AVAILABLE FOR MILK PRO-
DUCTION ON BASIS OF GRAIN ALONE. 
No. 62. ! No. 27. No. 4. I No. 63. 
Ratio grain available ... .... 1 2.64 2.12 2.25 
Ratio tat produced . .. . . •.... 1 2 .77 2 .20 2. 17 
Rat io milk produced .. ..... . 1 2 . 67 2 .12 1.89 
The close agreement between the ratio of available food con-
sumed and the fat in the milk produced has already been pointed out 
for No. 27 and No. 62. It will be seen from the statement above 
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that with No. 4 it is correspondingly close while with No. 63 there 
is more variation. However, No. 63, as already shown, was gj.ven 
a ration varying considerably in the proportions between the grain and 
hay from that given the other animals, and furthermore her milk was 
considerably richer in fat than was the case with that produced by the 
other cows. These facts, are sufficient to account for the ratio being 
wider between the grain of this cow and No. 62 than is the ratio be-
tween the milk and fat. 
Since these rations varied in composition as shown and the milk 
varied in composition as well, the following calculations are intro-
duced, where by expressing both the value of the feeds in the ration, 
and the value of the solids in the milk in calories, it is possible to re-
duce both to a basis that admits of a fair comparison. In making 
these calculations the "production value" as given by Dr. H . P. Armsby, 
Bulletin 7I (Revised Edition), Pennsylvania Experiment Station, was 
used. Table 23 gives the value in calories for the average daily ration 
consumed by the four cows while in milk. Table 24 gives the value 
in calories of the average daily ration for the four cows while on main-
tenance. Table 25 gives the value of the milk solids computed in 
calories. In preparing this table the following values for the milk 
solids were used.* 
Milk protein . . . . . . . . . . . . . . . . Calories per gram 
Butter Fat . . . . . . . . . . . . . . . . . Calories per gram 
Milk Sugar . . . . . . . . . . . . . . . . . Calories per gram 
5 .86 
9.23 
3.95 
The figures for the total yield of the several milk constituents will 
be found in Tables IO and I I for No. 27 and No. 62, and in Table 18 
for No. 4 and No. 63. 
*Hammarsten, Physiological Chemistry, p. 625. 
I 
I Corn ...... .. Bran 
·· ·· · ·· · I 
Oilmen! 
······ 
Alfalfa Hay . . 
Silage 
··· ····· 
Green Al!nlfa 
Green Corn ..• 
Total .... . 
Corn •••• .. . . 
Bran ...... . . 
Ollmeal .. . .. . 
Al!alfa Hay 
Silage ....... . 
Total . · .. 
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o;i:.. 
0 
888 . 5 
482. 3 
789.3 
344.1 
142.G 
108.1 
110.2 
888.5 
482 . 3 
789.3 
344.1 
142.6 
I 
TABLE 23. 
PRODUCTION VALUE IN CALORIES. 
(Average Daily Ration in Milk.) 
Nos. 27, 62, 4, 63. 
I No. 27. No. 62. 
,; 
" ~ ., ;: 
0 0 
-- --,; 
"" "" ,; .c ~o ~ ~o ...:I :s 
I 
r.i.4 4797.9 3 2665.5 4.8 
2.7 1302.2 1.5 723 .5 2.4 
1.3 1026.1 
.8 631.4 1.2 
s.o 2752.8 4.7 1617.3 9.3 
24 .1 3436. 7 13.9 1982.1 19. 3 
6.6 
I 
713 .5 3.5 378.4 3.6 
5.3 584.1 2.2 242.4 3 .3 
\ 14,613 I 8,240. \ 
TABLE 24. 
PRODUCTION VALUE IN CALORIES. 
No. 4. 
,; 
., 
-g 
--
"" ~o@ 
4264.8 
1157.5 
947.2 
3200.1 
2752.2 
389.2 
363.7 
13,074 . 
(Average Daily Ration on Maintenance.) 
Nos. 27, 62, 4, 63. 
No. 27. No. 4. No. 62. I 
----,----1-=---c-- -
1.9 
.9 
.5 
3 . 3 
13.2 
394.7 
1135.5 
1882.3 
I 5.534. 
. ··tp 
- -;-od 
. ., 
~ 
. 2 
... 
I 1 .7 1410.5 
.8 385.8 
.4 315.7 
2.9 997.9 
11.8 1682. 7 
2.0 
1.0 
.5 
3.4 
13.8 
---i,~~~~ I! --
1777 .o 
482.3 
394.7 
1169.9 
1967.9 
5,791. 
I 
No. 63. 
f 
.; 
~ 
I 
0 
--~ .... ~o 
4.7 I 4176.0 
2 . 3 1109.S 
1.2 947.2 
9.0 3097.0 
22.1 3151.5 
3.6 389.2 
3.2 352. 6 
j 1s,222. 
No. 68. 
1.7 
.8 
.4 
2.9 
11.9 
1510.5 
385.8 
315.7 
997.9 
I 1696.9 
I 4,906.8 
TABLE 25. 
VALUE OF MILK IN CALORIES. 
(Weights in Pounds.) 
!l No. 27. No. 62. 
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Table 26 gives a summary of Tables 23 and 24 and in addition 
shows the total calories per day available for milk production by each 
cow after the maintenance reqt1irement is supplied. The ratio is then 
given between the available calories in the daily ration of the four ani-
mals while producing milk, and the ratio between the milk solids ex-
pressed in calories counting the production of No. 62 as unity in both 
cases. 
TABLE 26. 
SUMMARY OF CALORIES IN DAILY RATION, IN MILK AND ON MAINTE-
NANCE; AND RATIO BETWEEN AVAILABLE CALORIES I N FEED AND 
Total Calories in average 
dally ra !Ion in mllk ... . . . 
Total Calories In average 
dally ration on mainten-
ance ....... . ... . ....... . 
Total Calorics per day 
nvallnble for mllk procluc-
tion .................... . 
Ratio of available Calories, 
No. G2 counted as unity .. 
Ratio of Calories In milk 
produced, No. G2 counted 
as unity ........ ... . ... . . 
IN MILK 
No. G2. 
8241 
4793 
3449 
SOLIDS. 
I No. 27. 
-I 
14614 
5535 
9079 
2 . 63 
2.75 
No. 4. No. G3. 
--------- -· - ··- -
13075 13223 
5792 4907 
7283 I S31G 
I 
2.11 
I 
2.41 
I 
I 
I 2::4 I 2.06 
It will be seen from Table 26 that the ratio between the value of 
the available feed in calories and between the milk solids expressed in 
calories is close in every case. This shows that after the maintenance re-
quirement is supplied one used food as economically as another for milk 
production. What was found to be true as between No. 27 and No. 
62 by comparing their rations directly by pounds fed, is found to be 
true as well for the four cows when the feed and milk product is ex-
pressed in calories. 
Here we have four animals kept under identical conditions ex-
cept a slight variation in the proportion between the grain and hay, 
all kept at uniform weight during the milking period and all kept 
farrow. We find that while there is some small difference in the main-
tenance requirements of the four animals, that after we subtract the 
maintenance from the total consumed that the ratio of their pro-
duction is practically that of the available food. It seems to the writer 
that the evidence furnished by these four animals is so consistent that 
it is entirely safe to draw a general conclusion that as between these 
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dairy cows at least and probably between others the difference in the 
economy of production is dependent upon the amount of food which 
they can consume and use above the ration of maintenance. 
Results of Feeding No. 62 to the Limit of Her Appetite.-ln 
studying the results of the experiment reported with the two cows one 
question that will naturally rise is this: What would have been the 
result had No. 62 been fed all the feed she would consume, in place of 
her ration being regulated by her live weight? It was concluded from 
observation that she would have taken somewhat more feed than she 
received during that part of the milking period when producing the 
maximum quantity, but she had at no time appeared hungry, and it was 
evident that she was almost to the limit of her capacity for food . 
_Practical experience would indicate that she would not have produced 
more than a small additional amount of milk no matter how she was 
fed. At the same time the question remained unanswered as to what 
would have resulted had she been given all the feed she would have 
consumed. 
The maintenance test already reported ended February 26, 1909. 
She was bred shortly after this and calved November 30, 1909. She 
was then put on a ration practically the same as given two years before 
while the data heretofore presented was being gathered. She was at 
first fed what would be considered a normal ration to support the 
amount of milk produced. In this milking period for the first few 
weeks she produced from 4 to 5 pounds more milk per clay than ever 
before. This, however, could not be attributed in any way to a differ-
ence in the feed since she was fed practically the same ration as given 
before. It is not unusual for such variations to occur from one year to 
another in the amount of milk produced by the same animal due to 
conditions which cannot be determined. 
Beginning with December 22nd the ration fed was gradually in-
creased above the normal requirements for a cow producing that 
quantity of milk. By January 12 the ration was raised to l l pounds 
grain per day and by the end of January to 13 pounds per day. As the 
grain ration was increased the consumption of hay and silage was de-
creased as will be seen from the data given in Table 27. As the grain 
was increased she refused the silage first and for that reason silage was 
dropped from the ration during the last period, February IO to 19. 
From December 22 to February 19 she was fed all the feed it was pos-
sible to get her to consume. The result shows that her capacity for 
using food was but very little above the ration fed during the experi-
mental milking period as reported in Table 5. It will be noted from 
Table 27 that there was no increase in the amount of milk as the feed 
was increased. More milk, in fact, was produced when she received 
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84 pounds grain a day than was produced when she received I4.8 
pounds grain per day. This proves that the small production of milk 
by this cow in the experimental period did not result from an insuffi-
cient ration. During the 70 days covered by the data presented 
in Table 27 the extra nutrients consumed above that necessary to pro-
vide for the milk was evidently used in depositing fat on the body as 
there was a gain in weight of 25 pounds in 70 days. 
TABLE 27. 
RECORD OF FEED CONSUMED AND MILK PRODUCED. 
No. 62. 
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2 12-12-12-21 59 78.5 150 .0 9307 185 . 6 877 
3 12-22-12-31 84 103.4 72 .5 10961 190.7 5.4 875 
4 1- 1- 1-10 93 I 91.0 108.5 11729 193.8 5.0 893 
5 1-11- 1-20 112 87 . 0 74 . 3 12546 203.4 4.7 892 
6 1-21- 1-30 130 79.4 75.3 13666 192 . 5 4.6 889 
7 1-31- 2. 9 145 108.7 59.8 15581 189.0 4 . 6 902 
8 2-1()- 2-19 148.2 111.0 15059 187 .2 3 . 6 902 
In addition to its bearing upon the problem under_ consideration, 
the results have an important bearing on the problem of feeding. They 
show with this animal, what is unquestionably a general rule; that 
when a sufficient amount of feed is given to support milk production 
to the full capacity of an animal, that additional feed will not bring 
greater results. If the animal has not the stimulation, whatever it may 
be, necessary to produce milk it cannot be brought about by an in-
crease in the ration. 
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SUMMARY AND CONCLUSIONS. 
During the first two lactation periods the better of the two Jersey 
cows in this investigation produced 2.8 pounds of milk and 3.9 pounds 
of fat for each pound produced by her half-sister. The object of 
this investigation was to determine the cause of this wide variation 
with these two cows, anticipating that an explanation as between these 
two cows would explain the cause of variation with dairy cows in 
general. 
In the third lactation period the two cows calved three days apart 
and were kept under the following conditions : 
The two were fed a ration of exactly the same composition. 
The quantity was so regulated as to maintain a uniform weight. 
Both cows were kept farrow. 
Complete records were kept, and analysis made, of feed consumed 
and milk produced for the entire lactation period. 
A ten-day digestion trial was carried out while the two cows were 
in milk. 
A maintenance trial was conducted at the encl of the milking 
period. 
During the year of the investigation No. 27, the better cow, pro-
duced 8522 pounds of milk and 469.9 pounds of fat; No. 62 produced 
3I88 pounds of milk and I69.3 pounds of fat. No. 27 produced 2.67 
pounds milk, and 2.77 pounds fat for each pound produced by No. 62. 
No. 27 consumed I.75 pounds of feed for each pound used by 
No. 62. 
The maintenance trial showed only a slight difference in cost of 
maintenance, the higher requirement being with No. 27. 
The digestion trial showed practically identical results. The 
co-efficient of digestion for No. 27 was 64.39 per cent and for No. 
62, 64.99 per cent. 
The real cause of the difference in production was found to be 
in the amount of feed consumed above maintenance. 
No. 27 used 35 per cent of the total food consumed, and No. 62, 
55.8 per cent for maintenance. 
- After deducting the maintenance requirement one cow produced 
milk as economically as the other. 
Data is presented of two other cows kept for an entire lactation 
period under identical conditions as those above described. 
The amount of food required for maintenance during the year 
is estimated for each cow individually from a trial covering a period 
of from I20 to 18o days. 
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The feed consumed during the lactation year minus the estimated 
maintenance is the amount considered available for milk production. 
The ratio between the food available for milk production and the 
milk produced is practically the same with each of the four cows. 
The available feed consumed and the milk solids produced are 
also calculated in calories in order to reduce all to a common basis. 
The ratio between the calories available for milk production with 
the four cows agrees closely with the ratio between the calories in 
the milk solids produced by the same animals. 
This shows that with the four cows, as for the two made the 
special object of this investigation, the cause of the difference in the 
amount of milk produced is the amount of food they are able to con-
sume and use above that required for maintenance. 
The main difference between profitable and unprofitable dairy 
cows is not to be found in the coefficient of digestion, or in the 
amount of food required for maintenance. 
A superior dairy cow is simply one with a large capacity for 
using food above the maintenance requirement and one that uses 
this available food for milk production. 
